Introduction
============

Cardiovascular diseases (CVD) are among the main causes of morbidity and mortality in developed countries as well as in developing countries \[[@R1]\]. Obesity is associated with many cardiovascular risk factors (e.g., lack of physical activity, cholesterol levels and diabetes) \[[@R2], [@R3]\]. Thus as an appropriate target for primary prevention measures, modification of obesity and introduction of physical activity has the potential to influence certain important clinical conditions that include lipid profile and blood pressure \[[@R4]\].

Several studies that have been conducted over the last 40 years have demonstrated strong evidence that atherosclerotic processes occur in early childhood \[[@R5]\]. Furthermore, it is observed that fatty streaks develop during the fetal period and appear in the aortic intima at 3 years of age \[[@R6], [@R7]\].

Lack of physical activity and exercise already exists in children, pointing out higher prevalence of childhood obesity \[[@R8]\]. It has been shown that physical activity primarily affects HDL levels, while some studies demonstrated its positive correlation with LDL levels as well \[[@R9], [@R10]\].

In the presence of multiple risk factors that are connected with atherosclerotic processes there is increased likelihood of CVD occurrence \[[@R11]\]. Therefore, there is a strong need to influence modifiable risk factors in order to reduce the frequency and severity of CVD.

The purpose of the study was to evaluate how many hours children spent during the day in physical activity and to evaluate the correlation of dynamics in physical activity during 5 years of follow-up in the same population as well.

Material and methods
====================

The Yugoslav Study of the Precursors of Atherosclerosis in School Children (YUSAD) is a prospective multicentric study that began in 1998. The present analysis was limited to 3243 children regarding the physical activity parameter. The first examination was carried out during regular health checkups within primary health care settings when children were 10 years old (baseline group). For the purpose of follow-up, a second examination was done on the same population 5 years later when children were 15 years old.

In the YUSAD study 12 regional centres across Serbia were randomly selected, taking into consideration different social and economic parameters. School children from the Serbian population within these centres were chosen randomly as well, taking into account the population size in evaluated centres in order for the formed cohort of participants to be representative.

Data on age of participants and time spent in physical activity were collected. Physical activity was classified as recreational activity after school. We analysed 3 groups regarding physical activity: a group of children who were physically active less than 1 hour per day (group I), a second group including children with physical activity from 1 hour to \< 3 hours per day (group II), and a third group including children who were physically active ≥ 3 hours per day (group III).

We evaluated further atherogenic risk factors and their trend during 5 years of follow-up: body mass index (BMI), waist circumference, systolic blood pressure, diastolic blood pressure, glucose plasma levels, low density lipoprotein (LDL) and high density lipoprotein (HDL) cholesterol separately for boys and girls.

Statistical analysis
--------------------

The presentation of the distribution and trend of school children in table [1](#TI){ref-type="table"}, for every category was described by whole numbers and percentages that express the proportion of children aged 10 years who remained or changed to another group during 5 years. To present the proportion of participants in table [3](#TIII){ref-type="table"}, in all 3 groups during the 5-year period we used percentages.

The values of BMI, waist circumference, blood pressure, glucose plasma, LDL and HDL cholesterol were presented as mean values with standard deviation (SD).

Chi square test was used to compare proportions between two different groups of children 15 years old within every group when children were 10 years old (baseline group). For comparison of the same groups regarding duration of physical activity between school children 10 and 15 years old we used χ^2^ test. To compare values of risk factors during the 5-year period we used Student's *t*-test.

Results
=======

Results of changes in dynamics of physical activity in the evaluated population of school children from the YUSAD study are described in table [I](#TI){ref-type="table"}. During the 5-year period of follow-up our results stress the significant proportion of children in group II on both the first examination (87.67% of children) and the second re-evaluation (80.14% of children). There was no significant difference in the number of participants within group II over the 5-year period (X^2^ = 0.68; *p* \> 0.05) (Table [I](#TI){ref-type="table"}).

The statistical correlation between groups of physical activity of children 15 years old per each group of physical activity in the baseline group is presented in table [II](#TII){ref-type="table"}. Our results indicate that there is a significant movement from groups I and III to group II of school children 15 years old for each group of physical activity in the baseline group, while a significant trend of movement from group I to group III and vice versa was observed only for baseline groups I and II (Table [II](#TII){ref-type="table"}).

Beside the values for baseline at 10 and 15 years old for the entire population, the dynamic of value changes for every category is presented in table [III](#TIII){ref-type="table"}. It is observed that there is a statistically significant increase in the number of children in group I as they get older (*p* \< 0.01). A statistically significant decline in the number of children who were physically active more than 1 hour per day was also noticed during the 5-year period of follow-up (Table [III](#TIII){ref-type="table"}).

In table [IV](#TIV){ref-type="table"} we present values of certain risk factors in the evaluated population. There was a significant increase in BMI and waist circumference for both genders during the 5 years (*p* \< 0.01). Our study revealed a significant decrease in LDL values (*p* \< 0.01) and a significant increase in glucose plasma levels regarding both genders, while a significant increase in HDL values was observed in girls (*p* \< 0.01) (Table [IV](#TIV){ref-type="table"}).

Blood pressure values for the evaluated population are presented in table [V](#TV){ref-type="table"}. During the 5-year period there is a significant increase in both systolic and diastolic blood pressure values (*p* \< 0.001) (Table [V](#TV){ref-type="table"}).

Discussion
==========

Body size and its composition are under the influence of normal growth. Disruption in the equilibrium of energy intake and energy expenditure can correlate with weight gain that can be maintained during adolescence. Several studies show a significant decline in physical activity in the group of adolescents leading to the development of obesity \[[@R12], [@R13]\]. Therefore it is of great importance to establish "healthy manners" in adolescents with adequate dynamics of physical activity and sedentary habits.

Lifestyle interventions have great potential and are effective in the prevention of CVD. One among identifiable lifestyle parameters is physical activity. Numerous studies suggest multiple benefits of increased physical activity. By being active, a population tends to increase energy expenditure, improve cardiovascular fitness, decrease intra-abdominal fat and establish better glucose control \[[@R14]-[@R17]\]. Also there is evidence that exercise increases serum interleukin 6, a cytokine that has an influence on insulin sensitivity and suppression of inflammation \[[@R18]\]. Decreasing central adiposity has a great influence on maintaining normal endothelial function, with reduction of adhesive molecules \[[@R19]\].

The first parameter that we wanted to analyse included the dynamics and change of physical activity duration in every group from baseline over a 5-year period. In our study there was a positive trend for children who were within the first group on the first examination when they were 10 years old. We observed a statistically significant increase (*p* \< 0.001) of physical activity during the 5-year period with predominant movement towards being active between 1 and 3 hours per day. Such dynamics bring us to the conclusion that those children with duration of physical activity from group I tend to prolong their activity to a duration of 1 to 3 hours per day rather than being active more than 3 hours per day. On the other hand, among those from group II, the predominant majority remained in the same group, while a negative trend towards spending less time in physical activity was observed to be more frequent than a positive trend towards being active more than 3 hours. Children from group III decreased their activity over the 5-year period predominantly for being active for 1 to 3 hours rather than being active less than 1 hour per day.

From our results we can clearly state that whether children were from group I, II or III at baseline, as they get older they tend to be physically active in the range from 1 to 3 hours per day in the age period between 10 and 15 years. Such an observation is a model for healthier lifestyle habits. Being physically active within such a range, especially for this observed population, is far more beneficial than being just active less than 1 hour per day or more than 3 hours. This conclusion implies the postulation that childhood is considered as an important stage for adoption and promotion of regular physical activity patterns during adolescence even later in life \[[@R20]\].

The second parameter that we wanted to analyse and obtain more information about included the proportion of all 3 groups from the baseline evaluation in every group of physical activity when the children turned 15 years. Therefore, our results showed that among those children from group I at 15 years old, a significant proportion (89.36%) was from those who were physically active between 1 and 3 hours per day when they were 10 years old. Results within this group point to a decrease in duration of physical activity, but such a proportion was expected, since the predominant category of evaluated children was group II at baseline. However, when taking into consideration the population proportion according to every category, after 5 years of follow-up, the greatest proportion was from those who were within group I, while the smallest proportion was from those who were from group III at baseline.

In group II of evaluated children, 80.61% of those children who were from group II at baseline remained within the same activity module 5 years later. It can be observed that the majority of children from the other two categories during 5 years of follow-up moved to physical activity between 1 and 3 hours per day. In the group of those who were physically active for more than 3 hours per day, only 8.27% remained in the same mode; the great majority from this group were children who prolonged their physical activity, while only 1 child who was active for less than 1 hour prolonged activity to more than 3 hours per day.

We have demonstrated that there was a significant increase of BMI and waist circum­ference values for both genders. Such an increase is due to the growth and development in this age group rather than because of increased fat deposits due to inactivity or eating habits. The parameters that justify this opinion are the LDL and HDL values, which presented positive trends (decreased atherogenic potential) over the 5-year period, especially in the group of girls. Even though we found a significant increase of blood pressure values, they are in the normal range for the observed age \[[@R21]\].

In our study we have demonstrated that school children in Serbia are physically active pre­dominantly between 1 and 3 hours per day for the age between 10 and 15 years.

This leads to the conclusion that in Serbia there are in general positive tendencies of physical activity duration among school children.

###### 

Distribution and trend of children in evaluated groups during five years of follow-up

  10 years    15 years                       
  ----------- -------------- --------------- -------------
  Group I     7 (28.00%)     17 (68.00%)     1 (4.00%)
  Group II    403 (14.16%)   2279 (80.61%)   161 (5.66%)
  Group III   41 (10.94%)    303 (80.80%)    31 (8.27%)

###### 

Statistical correlation between groups of children age of 15 years for each baseline group of physical activity

  10 years    X^2^(*p* values)                                                                     
  ----------- ------------------------------------------ ----------------------------------------- ------------------------------------------
  Group I     40.34[\*\*](#T2F2){ref-type="table-fn"}    82.29[\*\*](#T2F2){ref-type="table-fn"}   542.12[\*\*](#T2F2){ref-type="table-fn"}
  Group II    183.31[\*\*](#T2F2){ref-type="table-fn"}   8.94[\*](#T2F1){ref-type="table-fn"}      531.09[\*\*](#T2F2){ref-type="table-fn"}
  Group III   253.25[\*\*](#T2F2){ref-type="table-fn"}   0.76                                      350.61[\*\*](#T2F2){ref-type="table-fn"}

p \< 0.01

p \< 0.001

###### 

Participants proportions in evaluated groups during five years of follow-up

  Physical activity groups   Proportion of Participants   X^2^(*p* values)   
  -------------------------- ---------------------------- ------------------ ------------------------------------------
  Group I                    0.77                         13.91              118.32[\*\*](#T3F2){ref-type="table-fn"}
  Group II                   87.67                        80.14              0.68
  Group III                  11.56                        5.95               4.01[\*](#T3F1){ref-type="table-fn"}

p \< 0.05

p \< 0.001

###### 

Atherosclerosis risk factors values and trends in evaluated population

  Risk factors values              Boys          Girls                                                       
  -------------------------------- ------------- --------------------------------------------- ------------- ---------------------------------------------
  BMI \[kg/m^2^\]                  17.16 ±2.82   20.30 ±3.34[\*](#T4F1){ref-type="table-fn"}   16.96 ±2.91   20.54 ±3.41[\*](#T4F1){ref-type="table-fn"}
  Waist circumference \[cm\]       61.67 ±8.10   71.74 ±9.18[\*](#T4F1){ref-type="table-fn"}   61.20 ±8.13   70.16 ±8.67[\*](#T4F1){ref-type="table-fn"}
  Sugar plasma levels \[mmol/l\]   4.82 ±0.75    4.91 ±0.85[\*](#T4F1){ref-type="table-fn"}    4.66 ±0.74    4.74 ±0.78[\*](#T4F1){ref-type="table-fn"}
  LDL \[mmol/l\]                   2.65 ±0.74    2.36 ±0.86[\*](#T4F1){ref-type="table-fn"}    2.74 ±0.78    2.51 ±0.89[\*](#T4F1){ref-type="table-fn"}
  HDL \[mmol/l\]                   1.44 ±0.35    1.42 ±0.44                                    1.40 ±0.35    1.51 ±0.48[\*](#T4F1){ref-type="table-fn"}

p \< 0.001

###### 

Blood pressure values in evaluated population

  Blood pressure                      School children   
  ----------------------------------- ----------------- -----------------------------------------------
  Systolic blood pressure \[mmHg\]    107.00 ±11.04     114.00 ±12.02[\*](#T5F1){ref-type="table-fn"}
  Diastolic blood pressure \[mmHg\]   62.00 ±10.65      63.00 ±12.61[\*](#T5F1){ref-type="table-fn"}

p \< 0.001
